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To the Student 



Think of it!— an expected score of 75% on any exam in Electric Circuits, with no other preparation ! The 
reasoning is simple: There are only 4000 possible problems in the field (as you must know), and this book 
solves 3000 of them for you! 

Speaking seriously, you have here the most careful and complete anthology of examination-type problems 
on the market today. In using the book, you should, of course, concentrate on the area of your maximum 
weakness — the Laplace transform or whatever. But do not neglect to work problems involving familiar ma- 
terial, too; you might well learn more efficient methods of handling them. The heuristic value of a clear 
circuit diagram need not be stressed: if a problem in this book should carry a diagram but doesn’t, be sure 
to sketch out one before undertaking the solution. May your success be electric. 
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CHAPTER 1 

Units and Basic Concepts 



Powers of 10 appear frequently with units of measurements. These powers of 10 are written in abbreviated 
forms. If electric resistance is measured in ohms (fl), express the following values in powers of 10 and write 
them in their abbreviated forms: 2000 0 and 3,000,000 0. 

I 2000 n = 2 x 10 3 n = 2 kiloohm = 2 kfi 3,000,000 fl = 3 x 10 6 fl = 3 megohm = 2 Mfl 

Electric capacitance is measured in farads (F). However, this is rather a large unit. Express the following 
values in powers of 10 and write them in their abbreviated forms: 0.000005 F, 0.0005 F, and 0.000000001 F. 

I 0.000005 F = 5 x 10" 6 F = 5 microfarad = 5 /xF 

0.0005 F = 0.5 x 10 -3 F = 0.5 millifarad = 0.5 mF = 500 /uF 
0.000000001 F = 1 x 10' 9 F = 1.0 picofarad = 1 pF 

The unit of electric inductance is henry (H). Express the following values in powers of 10 and write them in 
their abbreviated forms: 0.01 H and 0.003 H. 

I 0.01 H = 10 x 10‘ 3 H = 10 millihenry = 10 mH 0.003 H=3x 10" 3 H = 3 millihenry = 3mH 



Electric frequency is measured in hertz (Hz). Express the following frequencies in powers of 10 and in their 
respective abbreviated forms: 1000 Hz, 5,000,000 Hz, and 100,000,000 Hz. 

I 1000 Hz = 1 x 10 3 Hz = 1 kilohertz = 1 kHz 5,000,000 Hz = 5 x 10 6 Hz = 5 megahertz = 5 MHz 

100,000,000 Hz - 0.1 x 10 9 Hz = 0.1 gigahertz = 0.1 GHz 



Convert 2 minutes to milliseconds: 

. 120 x 10 " 3 « 

I 2 min — 2 x 60 s — 120 s = — — s = 1.2 x 10 ms 

Convert 5 kilometers to centimeters: 

| 5 km = 5 x 10 3 m = 5 x 10 3 x 10 2 cm = 5 x 10 5 cm 



Convert 15 centimeters to millimeters: 

I 15 cm = x 10 3 = 150 mm 



Electric current is measured in amperes (A). If an ampere is expressed as a flow of charge in coulombs per 
second (C/s), how many electrons pass a given point in 30 s in a conductor carrying 8-A current. The charge 
on an electron is approximately 1.6 x 10 -19 C. 

I Charge = A x s = 8 x 30 = 240 C 1.6 x 10" 19 C correspond to 1 electron 

240 C correspond to (1 x 240)/(1.6 x 10 19 ) = 15 x 10 20 electrons 

Find the current in a conductor through which 2.5 x 10 2 ° electrons pass in 8 s if the charge on an electron is 
approximately 1.6 x 10“ 19 C. 

« r _ (no. °f electrons)(charge on electron, C) __ 2.5 x 10 20 X 1.6 X 10” 19 _ c A 

• I — — o — 5 A 

time, s 8 



A charge of 360 C passes through a conductor in 20 s. What is the corresponding current in amperes? 



I 




s 



360 

20 



= 18 A 



1 




2 a 

l.n 



1.12 



1.13 



1.14 



1.15 



1.16 



1.17 



1.18 



1.19 



1.20 



1.21 
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The current in an electric circuit rises exponentiall) as given by / = 10(1 -e 2t ) A. Calculate the charge 
flowing through the circuit in 250 ms. 



c r° 

= i dt~ 

J Jo 



10(1 



')dt=10 U+ — 



= 10(0.250+ 



'-0- |) = 0.5326 C 



A 75-W bulb draws a 680-mA current. How much time will be required to pass a 30-C charge through the 
bulb? 



t = 



charge, C __ 



30 



~ = 441.17 s = 7.35 min 



current, A 68 x 10” 

A current of 6 A flows in a resistor. How many coulombs of charge pass through the resistor in 2 min? 
I q = (current, A)(tiine, s) = 6 x 2 x 60 = 720 C 



The unit of force is the newton (N) and work is measured in netwon-meters (N • m), which is also the unit of 
energy. Alternatively, energy is expressed in joules (J), where 1 J = 1 N m. Determine the work done in 
moving a 50-gtC electric charge ( Q ) through a distance of 50 cm in the direction of a uniform electric field ( E ) 
of 50 kV/m, if the force F is given by /= QE. 

I Force = (charge, C)(electric field, V/m) = 50 x 10 -A x 50 x 10 3 = 2.5 N 

Work done = force x distance - 2.5 x 50 x 10 2 = 1.25 N • m = 1.25 J 



Power is defined as the rate of work done or the rate of energy conversion. Thus, the unit of power is the joule 
per second (J/s) which is equal to one watt (W). If the time taken to move the 50- /iC charge of Prob. 1.14 
through 50 cm is 10 ms, calculate the corresponding power. 



I 



work done 

Power = : 

time 



1.25 

10 x 10 -3 



= 125 W 



We observed in Prob. 1.14 that an electric charge experiences a force in an electric field. Electric potential 
difference (between two points) is measured in volts (V), and is defined as the work done in moving a unit 
positive charge (from one point to the other). What is the potential difference between two points if it requires 
220 /x] to move a 10-/iC charge from one point to the other? 



I 



1V=1J/C or 



220 x 10 6 
10 x 10~ 6 



= 22 V 



From Prob. 1.16, V- J/C = (J/s)/(C/s) — W/A. Calculate the potential difference across a resistor dissipat- 
ing 30 W of power while taking 2.5 A of current. Also, calculate the ohmic value of the resistance. 



I 




30 

— = 12 V 
2.5 




30 

(2.5) 2 



4.8 fl 



An energy of 12 J is expended in moving a 2-C charge from infinity to a point A. Assuming infinity to be at 
zero potential, determine the potential difference between point A and infinity (i.e., the potential at A). 



I 



V A = 



work or energy, J 
charge, C 




If an additional energy of 3 J is required to move the 2-C charge of Prob. 1.18 from point A to another point B y 
calculate the potential difference between points A and B. Also determine the potential difference between 
point B and infinity. 



I 



work or energy, J 
charge, C 



1.5 V 






12 + 3 
2 



= 7.5 V 



The potential difference between two conductors is 110 V. How much work is done in moving a 5-C charge 
from one conductor to the other? 

I Work = energy = 110 x 5 = 550 J 



Determine the charge that requires 1-kJ energy to be moved from infinity to a point having a 12-V potential. 

I Charge, C = = rpr = 83.33 C 

6 potential, V 12 
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A car battery supplies 48 J of energy at 12 V over a certain period of time, 
this period. 



I 



<? = 



48 J 
12 V 



= 4 C 



Determine the charge moved during 



1.23 Electric utilities employ as the unit of energy the kilowatt-hour (kWh). The power consumed in a household 
over a 24-h period is as follows: 8 a.m. to 2 p.m. — 1.5 kW; 2 p.m. to 6 p.m. — 0.5 kW; 6 p.m. to 11 p.m. — 2.6 kW; 

and 11 p.m. to 8 a.m. — 1.0 kW. What is the energy consumption in megajoules? 

I Total kWh = (power, kW)(time, h) - 1.5 x 6 + 0.5 x 4 + 2.6 x5 + 1.0x9 = 33 kWh 

= 33 x 10 3 x 60 x 60 W • s = 118.8 x 10 6 J - 118.8 MJ 



1.24 An electric heater takes 1.2 kWh in 30 min at 120 V. What is the current input to the heater? 

, , Ult 1.2 x 10 3 / 0.5 A 

1 ‘-T 120 20A 

1.25 The heater of Prob. 1.24 has an efficiency of 99 percent. The heat energy required to boil a certain amount of 
water is 99 kJ. If the current taken by the heater is 20 A at 120 V, find the time required to boil the water. 



. output 99 x 10' 

Efficiency = — — = — 7- = 0.99 



input 



input 



99 x 10 3 

or input U = — 77-77 — ” 100 kJ 



0.99 



U 100 xlO 3 „ 

(= ? = ^20 =4L67S 



1.26 What is the ohmic value of the resistance of the heating element of the heater of Probs. 1.24 and 1.25? 



1.27 A 110-V light bulb takes 0.9-A current and operates 12 h/day. At the rate of 7 cents/kWh, determine the cost 
to operate the bulb for 30 days. 

# U = Pt = 1 10 X 0.9 x 10" 3 x 12 x 30 = 35.64 kWh 

Cost of operation = 35.64 x $0.07 = $2.50. 



1.28 The voltage and current in a circuit element are respectively given by v = 100 V2 sin t V and i = 5V2sin t 
A. Calculate the instantaneous power and the average power delivered to the circuit. 

I Instantaneous power p - vi = (100V2sin f)(5V2sin /) - 1000 sin 2 t W= 1000 x ~ (1 -cos2r) 

p — 500 — 500 cos 2 1 W 

The cosine function averages to zero, so the average value of /?, P av = 500 W. 



1.29 A resistor draws a current i = 8 sin cot A at a voltage v ~ 200 sin cot V. Calculate the energy consumed by 
the resistor per cycle (or over one period of the current wave). Hence, determine the average power dissipated 
in the resistor. 

I One period = — s 

co 

r'l-nloi r2rt i <x> 1600 7T 

Energy W ~ I vi dt = I (200 sin a>/)(8 sin cot) dt = — J 

Jo Jo CO 

W 1600 77 

Average power P av = = ■ . = 800 W 

ATT ICO C0(2tt/C0) 

1.30 The energy capacity or rating of a battery is generally expressed in ampere-hour (Ah). A battery is required to 
supply 0.5 A continuously for three days. What must be the rating of the battery? 

I Ah = / X hr = 0.5 X 3 x 24 = 36 Ah 



A battery is rated at 30 Ah. 

I 



For how many hours can it continuously supply a current of 2.5 A? 



Time = 



Ah 

I 




h 



1.31 
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1.32 



1.33 



1.34 



The capacity of a car battery depends on the ambient temperature as shown in Fig. 1-1. A certain battery is 
rated at 72 Ah at 25°C. For how long can the battery supply a 16-A current at 0°C? 

I From Fig. 1-1, at 0°C the rating of the battery reduces to 0.8 x 72 = 57.6 Ah. Therefore, 

Time t = = 3.6 h = 3 h 36 min 




The capacity of a car battery depends on the current drawn (or discharge) from the battery, as shown in Fig. 1-2. 
The battery is rated at 70 Ah at a discharge rate of 5 A as shown. Flow long will the battery supply 20 A of 
current? 

I From Fig. 1-2, at 20 A the rating of the battery becomes 58 Ah. Hence, 

Ah 58 

Time t = — = = 2.9 h - 2 h 54 min 



If the rating of the battery with a discharge characteristic shown in Fig. 1-2 is not allowed to go below 64 Ah, for 
how long can the battery supply the rated current? 

I From Fig. 1-2 at 64 Ah, discharge rate = 12 A. Hence, 

T * , Ah 64 . 

Time t = — — = rr = 5 h 20 min 



1.35 Combine the characteristics of Figs. 1-1 and 1-2 to obtain the rating of the battery at 17 A and at 10°C if the 
battery is rated at 100 percent at 5 A and at 25°C 

I From Fig. 1-2, rating at 17 A = 60 Ah which is considered as 100 percent at 25°C. From Fig. 1-1, rating 
10°C= 0.9x60 -54 Ah. 



1.36 



The decay of charge in an electric circuit is given by q = 50e 300t /jlC. Determine the resulting current. 

# / = ^ = -50 x 300 x 10~ 6 e~ 300 ' = -15e~ 300 ' mA 

at 




1.37 



1.38 



1.39 



1.40 
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Evaluate the current in Prob. 1,36 at the following instants: t- 0, t — 10 ms, and / = «>. 

I At t = 0: i = — 15e° — —15 mA 

t = 10 2 s: i = — 15e 300xl0 ~ 2 = -0.7468 mA 

r= oo : i = — 15e _ °° = 0 

The voltage u and current i in an ac circuit are respectively given by v = 34 sin 377 1 V and i = 2 sin (377f — 
60°) A. Determine the instantaneous and average powers delivered to the circuit. 

| p = vi = (34 sin 377r)[2 sin (377 1 - 60°)] = 68 sin 377 1 sin (377 1 - 60°) 

= 68 x \ [cos (377 1 - 377f + 60°) - cos (377 1 + 311 1 - 60°)] = 34 [cos 60° - cos (754i - 60°)] W 

P av = 34 cos 60° = 17 W 

The voltage v and current i at the pair of terminals of an electric circuit are given by v- 100 sin t V and 
i — —5 sin t A. Evaluate the average power and state if the circuit absorbs or delivers power. 

I p = vi ~ (100 sin f)(— 5 sin t ) = —500 sin 2 t W 

P av ~ -500 x \ (since the average value of sin 2 \) = — 250 W 

The negative sign indicates that negative power is absorbed by the circuit; i.e., the circuit delivers power. 

The voltage v and current i in a circuit are given by u = 10sinr V and i ~ 2 cos t A. Determine the 
instantaneous and average powers, and explain your result. 

I p ~ vi = (10 sin t)( 2 cos t) = 20 sin t cos t = 10 sin 2 1 W 

The instantaneous power pulsates with twice the frequency of the voltage or current. P av = 0 W, since the 
average value of sin2f = 0. Zero average power indicates that the circuit is nondissipative or conservative. 




CHAPTER 2 

Resistance and Ohm’s 




2.1 



2.2 



2.3 



2.4 



2.5 



2,6 



2.7 



2.8 



A copper conductor of circular cross section 5 mm in diameter is 5 m long. Calculate its resistance at 20°C if 
the resistivity of copper at 20 °C is 1.72 x l()~ s ft • m. 



p[ = (1.72 :< 10 8 )5 
A ” tt( 5 x 10' 3 ) 2 /4 



— 4.38 mil 



A 40-m metallic conductor of cross-sectional area 1 mm has a resistance of 12 ft. 
the metal. 



I 




^0 

(i2)( ur 3 ) 2 



= 3.33 MS/m 



Calculate the conductivity of 



[Note that 1 siemens (S) = 1 ft ! .] 



A cube of an alloy of resistivity 1.12 juft • m is 2 cm on a side. Determine the resistance between any two faces 
of the cube. 



I 



p[ = (1.12 x 10~ *)(2 x 10 2 ) 
A (2 x 10~ 2 ) 2 



= 56 juft 



We have two cubes — one measuring / m on one side and the other 21 m. Find the ratio of conductivities of the 
materials of the cubes so that the resistance between any two faces of one cube is the same as that for the other 
cube. 



I 






/ i 
cr,/ 2 la t 



and 



*2 



2 / 

ct 2 (2/) 2 



1 

2 hr 2 



1 = 1 
/<Tj 2 lcr 2 




2 



Calculate the length of copper wire having a diameter of ^ in and resistance of 2 ft. Conductivity of copper is 
5.8 x 10 7 S/m. 

# £ in = -& x 2.54 x 10~ 2 = 1.5875 x 1(T 3 m 

/ = crRA = 5.8 x 10 7 x 2 x ^ (1.5875 x 10 -3 ) 2 = 229.6 m 



A rectangular bus bar made of aluminum is 0.9 m long. 0.15 m wide, and 1 .3 cm thick. If current in the bus bar 
flows along its length, and the conductivity of aluminum is 3.57 x 10 8 S/m, calculate the bus bar resistance. 



I 



/ _ 0.9 

a- A “ (3.57 x 10 8 )(0. 15 x 1.3 x 10” 2 ) 



= 1.293 juft 



A transmission line cable consists of 19 strands of identical copper conductors, each 1.5 mm in diameter. The 
physical length of the cable is 2 km. But, because of the twist of each strand, the actual lengths of the 
conductors are increased by 5 percent. What is the resistance of the cable? Resistivity of copper is 
1.72 x 10“ 8 ft • m. 



I Allowing for twist, / = (1 .05)(2000) - 2100 m. Area of cross section of 19 
10 ~ 3 ) 2 = 33.576 x 10‘ 6 m 2 . 



R 



p[ 1.72 x 1C 8 x 2100 
A ~ ’ 33.576 x 10 6 



1.076ft 



strands = 19(7 t/4)(1.5 x 



Variation of resistance with temperature is expressed in terms of temperature coefficient a. Explicitly, the 
resistance R r at a temperature T °C is related to the resistance at 0 °C by R r = /? 0 (1 + a 0 T) as graphically 
depicted in Fig. 2-1, where a Q is the temperature coefficient at 0 °C. The figure also shows the inferred absolute 
zero for copper. Using Fig. 2-1, find the resistance of a copper wire at -20 °C if its resistance at 0°C is 20 ft. 



I From Fig. 2-1 we have 



234.5 + 7, _ 234.5 + T 2 

R , * 2 



6 
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A sample of copper wire has a resistance of 50 ft at 10 °C. What is the maximum operating temperature if the 
resistance of the wire is to increase by at most 10 percent? 

I = 50 ft, R 2 = 50 + 0.1 x 50 = 55 ft. From Fg. 2-2, a at 10 °C = 0.00409 °C -1 - a, . Since R, = 
R } [ 1 + a,(T 2 - 7,)], we obtain 55 = 50[1 + 0.00409iT 2 - 10)] or T 2 = 34.45 °C. 

A metallic conductor has a resistance of 7ft at 0°C. At 20 °C the resistance becomes 7.8 ft. Calculate the 
temperature coefficient of the metal at 20 °C. 

I = R^l + a^O -20)] or 7 = 7.8[l + a 1 (-20)] 

Hence, a, = temperature coefficient at 20 °C = 0.00513 °C~ 1 . 

For the metal of the conductor of Prob. 2.11, determine the temperature coefficient at 0°C. 

I R 7 =R 0 (l + a 0 T) or 7.8 == 7(1 + a o 20) or a 0 = 0.00571 °C~' 

Obtain a general relationship between a 0 and a r the respective temperature coefficients at 0°C and at 7°C. 

I R t = R,(l + a 0 T) (1) 

R 7 (1~cc t T) (2) 



Solving for a T from Eq. (2) yields 



Substituting R r from Eq. (1) into (3) gives 



Rt ~ Rn 



= MU a ' r ) ~ R 0 _ a 0 

“ r TR 0 (l-a„T) 1 + a 0 T W 

Derive a general relationship between a ] and a 2 the respective temperature coefficients at 7, °C and at T 2 °C. 
I From Eq. (4) of Prob, 2.13 we obtain 

J_ - = 2_ + T 

Ot T CJ!q Qf 0 

Thus, ~ = 2- + 7 1 and + 7 2 



By subtraction, 



1 1 



— = T , - T 2 or a 2 = ~ — — 

a 2 1 l<*i + (T 2 -T y ) 



The temperature coefficient of carbon at 0°C is -0,000515 °C“ l and that of platinum is 0.00357 °C“ l at 40 °C. 
A carbon coil has a resistance of 15 ft and a platinum coil has a resistance of 12 ft each at 20 °C. At what 
temperature will the two coils have the same resistance? Notice that the temperature coefficient for carbon is 
negative. 

I From Eq. (4) of Prob. 2.13: 



For platinum: 






For the two resistances to be equal at a temperature T°C, 

12(1 + 0,004167) « 15(1 - 0.000515 7) 

or 1 + 0,004167 = 1.25 — 0,00064375 7 or 7=52°C 

The two coils of Prob. 2,15 are connected in series and operate at 20 °C. Calculate the “effective” temperature 
coefficient a , of the combination at 40 °C. 



I From Eq. (4) of Prob. 2.13, at 20 C° 



For carbon: 



-0.000515 



1 -0.000515 x 20 



-0.000520 °C 
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From the data of Prob. 2.15: 

^carbon = 15[1 - 0.000520(40 - 20)] = 14.844 Cl 
At 20 °C, we have (from Prob. 2.15): 

For platinum: a = J + 0 °“ x 20 = 0 00384 ° C " 

^p,ati„um = 12[1 + 0.00384(40 - 20)] - 12.9216 ft 
At 40 °C: R e = 14.844 + 12.9216 - 27.7656 ft 

At 20 °C: R e = 12.0 + 15.0 - 27.0 ft 

27.7656 - 27[1 + a e (40 - 20)] or a, = 0.001418 °C~ l 



2.17 The minimum current required for the operation of a relay coil is 500 mA at 120 V. If the current taken by the 
coil at 20 °C is 530 mA (at 120 V) and the temperature coefficient of the resistor material is 0.00427 °CT 1 at 0° C, 
calculate the maximum temperature above which the relay will fail to operate. 



I At 20 °C: 



o - 120 

20 530 xlO -3 



At T°C (the maximum allowable temperature): 

R , 



120 



500 x 10" 



— 226.41 ft 



240.0 ft 



Since R r - R 0 (l + a 0 7) we have: 

R r 1 + ot 0 T 

R^ n 1 + 20 a n 



or 



240 



1 +0.004277 



226.41 1 +0.00427x20 



or 



7 = 35.26°C 



2.18 The resistance of a 25-ft resistor increases by 10 percent when its operating temperature increases from 15 to 
50 °C. Calculate the mean temperature rise of the resistor from an ambient temperature of 20 °C when its 
resistance is 30 ft and the temperature coefficient remains constant. 

I R l5 = 25 “ R 0 (l + 15 a 0 ) R 50 “ 25 + 2.5 = 

Solving for a 0 and R 0 yields: 

a 0 = 0,002985 °C _1 and R 0 = 23.9286 ft 
At a temperature 7°C we have: 

30 = 23,92861(1 + 0.002985 7) or 7-85°C 
Temperature rise = 85 - 20 = 65 °C, 



2.19 “It has been experimentally found that the resistivity of conducting materials, such as copper and aluminum, 
varies linearly with temperature,” Depict this statement graphically and mathematically. 
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I The statement is shown graphically in Fig. 2-3, from which we have: 



tan 9 -- ,m = 



T - T 
1 2 1 1 



(T 2 — 1\) = p,[l + ^ (T 2 — T,) 

L p 1 J 



P 2 = pi + m 



The resistance of a silver wire is 0.1 n at 20 °C. At what temperature will its resistance decrease by 25 percent 
if its temperature coefficient of resistance at 20 °C is 0,0038 °C _1 . 

I R 2 = R\l + a,{T 2 - TJ\ or 0,75 x (). t = 0. 1 [1 + 0.0038(T 2 - 20)] or T 2 =-45.8°C 
The resistivity of iron at 0 and 20 °C is 8.68 x 10 -8 fl * m and 9.75 x 10 -8 17 • m respectively. Calculate its 



resistivity at 10 °C. 

I From Eq. (1) of Prob. 2.19, 



(9.75 -8.68)10 



= 0.0535 x 10" 



From Eq. (2) of Prob. 2.19, 

Pto = P 20 + w(10 - 20) - [9.75 + 0.0535(- 10)] x 10~ 8 = 9.215 x 10" 8 • m 

A piece of wire of uniform cross section has a resistance of 0.817. If the length of the wire is doubled and its 
area of cross section is increased four times, what is its resistance? The temperature variation of resistance may 
be neglected. 

I Original wire: R { = = 0.80 

Ay 

Wire with modified dimensions: 

pT’, p2f, 1 p£ x , 

R 2 A = l0-8 = 0.4n 

2 A 2 4 A x 2 A x 

An electromagnet is wound with a copper coil having 150 turns and a mean length of 20 cm per turn. The coil 
wire has a rectangular cross section 10 x 2 mm. Calculate the resistance of the coil at 55 °C and determine the 
power dissipated in the coil at 55 °C if the coil current is 6 A. The resistance of a 1-m long wire of 1 mm 2 cross 
section at 20 °C is 0.0017217 and a 0 = (1 /234.5) °C ! . 

f _ a o __ 1 / 234,5 __ 1 op-i 

“ 20 1 + 20a o 1 + 20/234.5 254.5 



AR lx 10' 6 x 0.0172 



= 1.72 x 10' 8 n-m 



p 55 = p 20 { 1 + a 20 (55 - 20)] = 1.72 x l(r 8 [l + ^ (55 - 20)] = 1.96 x 10' 8 Q ■ m 

„ e 1.96 X 10 '* x 150 x0.20 „ „„ 

R. 5 = p.. — = rr = 2.94 x 10 2 ft 

55 Hss A 10 x 2 x 10 6 

Power = I 2 R = 6 Z (2.94 x 10' 2 ) = 1.0584 W 



2.24 The power taken by a resistive coil made of copper wire is 220 W at 110 V and 20 °C. Calculate the power 
consumed by the coil at 110V and 120 °C. The temperature coefficient at 20 °C is 0.00393 °C _1 . 

, V 2 V 2 110 2 

1 P 20 “ R 20 0r R 20 - P 20 ~ 220 ~ 55 n 

R \ 2 o = * 20 [1 + « 2 o( 120 - 2() )l : = 55[1 + 0.00393(100)] = 76.615 ft 

no 2 

P - — - — - 157 93 W 

^ 120 76 615 

2-25 A flat aluminum ring 5 mm thick has a negligible air gap. If the inner and outer radii of the ring are 0.2 and 
0.25 m respectively, determine the resistance of the ring at 20 °C. At this temperature the resistivity of 
aluminum is 2,78 x 10 -8 i7 • m. 




2.26 



2.27 



2.28 



2.29 



2.30 
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I 



Mean length l = 2irr mean r mean = J(r 0 + r.) = |(0.25 + 0.20) - 0.225 m 
/ = 2 tt 0.225 = 1.4137 m 



Area of cross section = 5 x 10 3 (0.25 — 0.20) = 2.5 x 10 4 

„ . n pi 2.78 x 10" 8 x 1.4137 , 

Resistance R-~ = — — — ^ = 1.572 x 10 

A 2.5 x 10 



2 

m 

ft 



A resistor made of aluminum wire dissipates 25 W of power at 50 V at 20 °C. Calculate the current in a second 
resistor made of copper and having the same resistance as the first resistor and consuming four times the power 
of the first resistor. 

I /?, = ^- = ^- = 100n=/? 2 l\R 2 = 4 x 25 = /j(100) or / 2 = = 1.0 A 

A resistive coil draws 2.0 A at H0 V after operating for a long time. If the temperature rise is 55 °C above the 
ambient temperature of 20 °C, calculate the external resistance which must be initially connected in series with 
the coil to limit the current to 2.0 A. The temperature coefficient of the material of the coil is 0.0043 °C -1 at 
20 °C. 

I Hot temperature - 20 + 55 = 75 °C 

R 1S =ly =55 = K 20 [l + « 20 (75 - 20 )] = rt 20 [l + 0.0043(75 -20)] or R 20 = 44.4811 

R x + R 2 o=K 75 or R x = R 75 - fl 20 = 55 -44.48= 10.52 ft 

Conductor sizes (cross sections) in electric motors are chosen on the basis of current loadings expressed in A/m . 
In a particular machine, the allowable current rating is 3xl0 6 A/m in 0.5-m-long copper conductors. 
Calculate the conductor cross section if the loss in each conductor is not to exceed 1 W at 20 °C. The resistivity 
of copper at 20 °C is 1.72 x 10 -8 ft • m. 

I Power P = I 2 R = (JA) 2 ^ = J 2 Ap€ 

where 3 — HA = current density or current loading, or 

1 = (3 x 10 6 ) 2 x 1.72 x 10‘ 8 x 0.5 A or A = 12.92 mm 2 



Wire of a certain material x and a given cross section has a resistance of 100 H/km and a temperature coefficient 
of 0.0025 °C~\ Wire of another material y of a given cross section has a resistance of 50H/km and a 
temperature coefficient of 0.00075 °C“ 1 . It is desired to make a coil having a 1000-12 resistance and a 
temperature coefficient of 0.001 by using suitable lengths of the two wires in series. Calculate their respective 
lengths. 

f Let R x and R y be the respective resistances at the given temperatures. Then at a temperature change AT, 
the total series resistance becomes 

R t - R x ( 1 + 0.0025 AT) + R v ( 1 + 0.00075 AT) (1) 

Since 0.001 is the temperature coefficient of the combination, we also have 

R t - (R x + R y )( 1 + 0.001 AT) (2) 

Combining Eqs, (1) and (2) yields: 

R x ( 1 + 0.0025 AT) + R y ( 1 + 0.00075 AT) - (R x + R y )( 1 + 0.001 AT) 
or R x (0.m5 AT) - fl v (0.00025 AT) 

Thus, R x = fi^ v , - | R v , but R x + R y = 1000 ft. Consequently, R x - 625 ft and R y = 375 ft. 

The respective lengths are: 

<, .-® ! s 625tl - 625tm ^ = ws 375n ' 7 - 5km 

It is desired to maintain a 5-A constant current in a resistor made of copper wire through a temperature rise of 
55 °C from 20 °C ambient temperature. The value of resistance at 20 °C is 40 ft and the temperature coefficient 
is 0.00428 °C _1 at 0°C. Determine the minimum and maximum voltage that must be available from the power 
supply to maintain the desired current. 
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2.31 



2.32 



2.33 



2.34 



2.35 



2.36 



^7 

R, 



Knin ( at 20 °C) ■■= R 2 J = 40 x 5 - 200 V 
1 + 75 x 0.00428 



or 



R 75 = 1 .217 x 40 - 48.67 12 



1 + 20 x 0.00428 
K max (at 75 °C) = R 7 -J - 48.67 x 5 = 243.35 V 



Calculate the power dissipated in the resistor of Prob. 2.30 at 20 and at 75°C. 

# Since the current is 5 A at both temperatures, 

P 20 - I 2 R 20 = 5 2 x 40 = 1 kW P.. s = I 2 R 75 = 5 2 x 48.67 = 1.21675 kW 

Determine the current through and the voltage across :he resistor of Prob. 2.30 if it is required that the power 
dissipated at 75 °C is the same as that at 20 °C and 200 V. 



p ~ p = — ± 

1 75 1 20 r 



200 

40 



R 7 



- V1000 x 48.67 = 220.61 V and 



V 2 

V 75 

48.67 
_ 220.61 
48.67 



= 4.533 A 



Determine the ratio of powers dissipated in two resistors, each having the same length and each made of copper 
wire of circular cross section, but one having a diameter twice that of the other, and each being connected across 
the same voltage. 



1 


V 2 V 2 

p — — - 


v 2 ^, 7T V 2 D 2 


1 R , pt!A , 


p£ 4 p£ 


Similarly, 


y 

ii 


77 V 2 D\ 

' 4 p£ 


If D a =2D 2 , then 


P, D] 
P 2 D\ 


ri- 

ll 

3>" 


Find the ratio of powers 


in the two resistors of Prob. 


2.33 when the resistors 


i 


p, = / % = 


, p£ _ 4 /V 

A , 77 D\ 


Similarly, 


Jt! 

II 

20 


_ 4 /V 

_ 77 D\ 


If D,=2D 3 , then 


H 


4D 2 4 



A 100-W 1 10-V light bulb has a filament made of an alloy having a temperature coefficient of 0.0055 °C~ 1 at 0 °C. 
The normal operating temperature of the bulb is 2000 °C. How much current will the bulb draw at the instant 
it is turned on when the room temperature is 20 °C? From your result verify that burnout of bulbs is more 
frequent at the instant they are turned on. 

f The ratio of resistances at the two temperatures is given by 

R 7n 1 + 20a.. 1 - 20 x 0.0055 



Rm 



1 + 2000 a,. 



At 2000 °C: 

At 20 °C: 
Compare with 



^2000 p 



fi 2(l = 121 x 9.25 x 10“ 2 = 11.211 



1 + 2000 + 0.0055 
V 2 110 



= 9,25 x 10" 



^2000 1 1 > 



100 

and 
l P\ = 0.91 A 



= 121 O 



hn ]12 9 82 A 



The current loading of the heating element of a 110-V 750-W electric heater is not to exceed 2600 A/in 2 (cf. 
Prob. 2.28). The resistivity of the wire material is 12 x 10' 8 n *m. Calculate the length and the area of 
cross section of the heating element. 

1 /= ^fi°0= 6 ' 818A 




2.37 



2.38 



2.39 



2.40 



2.41 
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Since 



or 



= 2600 A /in 



2 



Area A 




€ = 



= in 2 = 2.62 x l(T 3 in 2 = 1.69 mm 2 
2600 

M-i6.nn.gp 12xl(rV . 

750 A 1.69 x 10~ 6 



16.13 x 1,69 x IQ-6 
12 x 10 -8 



= 227.16 m 



Heat energy is often measured in calories and 1 calorie (cal) = 4.184 joule (J). It is desired to design a 
heating element to boil a certain amount of water in 2 min requiring 40 kcal heat energy. If the heating 
element is to operate at 110 V, calculate its current and power ratings. 



1 kcal = 4. 184 kJ = 4. 184 kW * s = 4184 W • s 



The heat energy required is 

Q = 40 kcal = 40 x 4184 = 167,360 W • s 
Let P be the power required. Then, 



120 s 



1395 _ 

1 V 110 12,7 A 



For the data of Prob. 2.37, determine the resistance of the heating element if the same amount of water is 
required to boil in 30 s. 

f The same amount of energy must be delivered in one-fourth the time; so the power is now 
P = 4(1395) = 5580 W=V7 or / = ^yj^=50.7A R=y = 2^=2.170 



As the temperature of a heating element changes, its resistance also changes, and so does the temperature 
coefficient. In a certain case, the temperature varies linearly with time and is given by T °C = (20 + 10/), 
where / is time in seconds. The temperature coefficient of the material is 0.0065 °C“ 1 at 0°C. If the initial 
resistance of the heating element is 2 ft, find its resistance after 10 s, 

I At 1 = 0: r=20°C and tf 20 = 2ft 



At / = 10 s: 



From Eq. (4) of Prob. 2.13, 



7=20+ 10 x 10 = 120 °C 

*12O = *2o[1 + «2o(120-20)] 



a _ 



0.0065 



R i 



1 + a 0 20 1 + 0.0065 x 20 

= 2[1 + 0,00575(120 - 20)] = 3.15 ft 



0.00575 °C 



For the heating element of Prob. 2.39, express the resistance as a function of time. 
I Resistance at a temperature T is given by 

R T = R 0 (l + a 0 T) = R(t) 

From the data: 



R 0 = rt,[l + a 20 (0 - 20°)] = 2(1 -20 x 0.00575) = 1.77 ft 7= 20 + 10/ 

Hence R(t) = 1.77[1 + 0,0065(20 + 10/)] = (2 + 0.115/) ft 

If the heating element of Prob, 2.39 or 2.40 is connected across a 110-V source, calculate the initial and final 
powers. 

V 2 110 2 

I At t = 0: R = 2 n P. = — = — - = 6050 W 

M 2 

no 2 

R = 3.15 n P r = — =3841W 



At t = 10 s: 
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2.42 



2.43 



2.44 



2.45 



2.46 



For Probs. 2.39 through 2.41 determine the energy dissipated in the heating element over the 10-s period. 

110 2 



U = 110 



I" 



dt 



110 " 



2 + 0.115r 0.115 



V 2 

dU ~ R(T) il = 2 + 0.115r 

^2 



dt 



[ln(2 + 0.115r)]J° = 47.795 kJ = 0.0133 kWh 



A block of iron is heated directly by dissipating power in the internal resistance of the block. Because of the 
temperature rise, the resistance increases exponentially with time and is given by R(t) = 0.5e 2/ ft, where t is 
in seconds. The block is connected across a 110-V source and dissipates 1827 cal heat energy over a certain 
period of time. Calculate this period of time. 



I Let t be the required time. 



Then energy dissipated is 



rt y2 ri 

U * dt = 

Jo R(t) Jo 



110 2 , 110 2 
0 5 ?*“ -Ql 




dt 



110 2 

-2x0.5 ( e 



>;,= 110 2 (1- e~ 2 ') J 



Now 

Thus 

or 

Hence, 



1827 cal = 1827 X 4.184 = 7644 J = U 

1 _ '" 2 ' =: II ? =0 ' 632 

0.368 or — 2/ li\ .e = In 0.368 or 
t ~ 0.5 s 



-2t = -1 



A light bulb, having a tungsten filament, draws 0.5 A at 110 V. The cold resistance of the filament is 20 ft at 
20 °C. At this temperature the temperature coefficient of resistance (for tungsten) is 0,005 °C _1 . Determine 
the operating temperature of the bulb. 

f Resistance at the operating temperature T °C is 

« 7 .= y = ^= 22() fi = * 20 |1 + *2«(r - 20)] = 20[1 + 0.005(7 - 20)] 

Solving for T yields T = 2020 °C. 



The operating temperature of a tungsten-filament 110-V 40-W bulb is 2020 °C (cf. Prob. 2.44). The filament is 
made of a 0.01-mm-diameter wire having a resistivity of 5.55 x 10 8 ft m at 20 °C and a temperature 
coefficient of 0.005 °C~ 1 . Calculate the length of the filament wire. 



I At 2020 °C: 
or 

Hence 



R , 




= 302.5 ft = R 2Q [ 1 + 0.005(2020 - 20)] = 11 R 20 

302.5 = = 5.55 x 10'V 

11 A tt/ 4[(0.01) 2 x 10‘ 6 ] 



7 t x 27.5 x 10 2 
4x5 55 



= 3.89 cm 



A 60-mm-thick electrode is cut from a solid 70-mm-radius hemisphere made of copper, as shown in Fig. 2-4. 
Calculate the current through the electrode if 6 V is applied across it. Resistivity of copper is 1.72 x 
10 8 ft*m. 

I Let R be the resistance of the electrode. Then, for the infinitesimal disk shown in Fig. 2-4, 



dR = 



p dx 



p dx 



p dx 



7r(b 2 



R 



rx~a 

= P 

7 T Jx = 0 



dx 



( b 2 



■x 2 ) 



£ tanh-’i 



P 

7 T 




T - tanh 1 0 ) = — tanh 



i-U 



a _ 1.72 x IQ" 



tanh’ 1 ^ =0.702 x 10 _8 n 



R 0.702 x 10 



= 8.547 X 10* A = 854.7 MA 
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2.47 



A carbon resistor dissipates 60 W of power while drawing 0.5 A of current at 20 °C. How much power will be 
dissipated in the resistor at 100 °C if connected across a 120-V source? Temperature coefficient of carbon at 
20 °C is -0.0005 °C“\ 



I At 20 °C: 
At 100 °C: 



i 2 r. 



R 2n =-^2 = 240 ft 
20 0.5 2 



R w0 = R^l - 0.0005(100 - 20)] = 240(1 - 0.04) = 230.4 ft 



P = 
1 200 



XL 

200 



120 

230.4 



2 62.5 W 



2.48 



We have two resistors wound with round copper wire. The length and the diameter of the first wire are / and 
A respectively and those of the second wire are 0.25/ and 0.5 A. Determine the ratios of currents and powers 
for the two resistors if they are connected across the same voltage source. 



I 



R, 



el 

A 



and 



R, 



p( 0.25/) 
0.5A 



= 0.5 



P*. 



0.5 R, 



/i _ VI R, R 2 0.5 R, 

T 2 ~ VI R 2 ~ R~,~ R ! 



P, _ V 2 /R, _ R 2 
P 2 ~ V 2 !R 2 ~ R] 



2.49 



If the same current flows through the two resistors of Prob. 2.48, determine the ratios of voltages and powers. 
I From Prob. 2.48, R 2 IR,= 0.5, 

Y ± = I 1 ± = = J _ =2 p ' {2r ' -.2 

V 2 IR 2 R 2 0.5 P 2 I 2 R 2 



2.50 Obtain the exact and approximate ratios of the resistances of a coil at two temperatures T 2 and T A assuming that 
the only other given quantity is the temperature coefficient a 0 at 0°C. 

f Let R 0 be the resistance at 0°C. Then at the temperatures T l and T 2 we have 

Ri - R(,(l + a oTi) and R 2 = K 0 (l + a 0 T 2 ) or = L “’’I 1 

l\ 2 1 ' a 0 1 2 

which is the exact ratio. Approximately, 

Y 2 =(l + «oT,)(1 + a 0 T 2 y l = (1 + a 0 7\)[l - a 0 T 2 + {a 0 T 2 f -•••] = ! + a 0 (T, - T 2 ) 




CHAPTER 3 \\ 

Series and Parallel \\ 
Resistive Circuits vx 



How much current will flow through a 2-12 resistor connected in series with a 4-12 resistor, and the combination 
connected across a 12-V source? What is the voltage across each resistor? 

I R s = R x + R 2 = 2+4=611 / j = F = T =: 2A 

K s 6 

V, = /,/?, =2x2 = 4 V and V 2 = 2x4 = 8V 

A 2-12 resistor is connected in parallel with a 4-12 resistor and the combination across a 12-V source. Find the 
current through each resistor and the total current supplied by the source. 

1 ^n = t ~6A I A a = f = 3 A / tota , = 6 + 3 = 9 A 

What is the total resistance of the combination of a 2 -ft and a 4-12 resistance in parallel? Calculate the current 
supplied by a 12-V source connected across the combination. 

1113 V 12 

I ^=2 + 4 = 4 or R P = i il /= ^ = 473 =9A 

Two resistors of ohmic values /?, and R 2 are connected in series, and the combination across a source of voltage 
V. How is this voltage divided across the resistors? 

I R s = R , + R ?. 1 = ^ = 



V = IR ~ V i 

1 1 r x + r 2 



V = IR — V ± 

2 r x + r 2 



Two resistors of ohmic values R } and R 2 are connected in parallel, and the combination across a source of 
current /. How is this current divided through the resistors? 

- Ill _ R,R 2 ^ 

R p ~ R, + R 2 ° r R r~R,+R 2 n 

Let V= voltage across the combination. Then V- IR p = J l R ] = / 2 ?? 2 . 



/ = = 

2 * 2 + * 2 



Use the results of Prob. 3.4 to solve Prob. 3.1. 



Vi = V 



R 1 + R 2 2 + 4 



:4V V=V 



12 t— : = 8 V 



7?,+^ 2 + 4 



Use the results of Prob. 3.5 to solve Prob. 3.2. 



R x + R 2 2 + 4 



= 9— =6A /, = /-~V=9 — =3A 



R t + R 2 2 + 4 



Calculate the power in each resistor of Prob. 3.1 and verify that the total power supplied by the source is the 
sum of the powers in the resistors. 



P } =l\R,= 2 2 x2 = 8W P 2 = l\R 2 = 2 2 x 4 = 16 W (since /, = / 2 = 2 A) 
P 1 + P 2 = 8 + 16 = 24 W P S = VI = 12 x 2 = 24 W 



16 




SERIES AND PARALLEL RESISTIVE CIRCUITS 0 17 



3.9 



Determine the power in each resistor of Prob. 3.2. Verify that the total power supplied by the source is the 
sum of the powers in the resistors. 



I 



p. 






12 



= 72 W 



P x + P 2 = 72 + 36 = 108 W 




12 2 

4 



= 36 W 



P s = VI = 12 x 9 = 108 W 



3.10 



A 3-H and a 6-11 resistor are connected in parallel and the combination in series with an 841 resistor, 
the total resistance. 



I 






3x6 
3 + 6 



= 20 



^o t al-^ + ^ = 2 + 8 = 10O 



Calculate 



3.11 A 20-V source is connected across the resistor combination of Prob. 3.10. What is the voltage across the 8-0 
resistor? 

* , V 20 

I /=-£ = 7^=2A V'„ = 8x2=16V 

iX total AU 



3.12 Determine the power absorbed by each resistor of Prob. 3.11. 



P»„=^ ii = ^-=32W V 3 n = V 6n = V— V 8n = 20 - 16 = 4 V 



8 8 



4 8 



4~ 16 



P = — = - W P — — = — W 

6ft 6 3 30 3 3 

Check : Total power = 32 + § + t = 40 W. Power from source = VI =• 20 x 2 = 40 W. 



3.13 For the circuit shown in Fig. 3-1, find the value of k so that the resistance of the combination is a minimum. 
> ka a k z a + 2a 

1 R ~ Y + k R -~2 — 

For ^ min , dR!dk = 0, which implies that 

2k(2ak) - 2{k 2 a + 2d) = 0 or 2/c 2 — /c 2 — 2=0 or k = \ f 2 = 1.414 



k n 










Ra XL 

AAA 



a 



n- 



ivw 






V 



Fig. 3-1 



3.14 If a voltage V is connected across the resistor combination of Prob. 3.13, find the condition for maximum power 
supplied from the source to the resistors. 

f P = V 2 /R is a maximum when R is a minimum; k = \/2. 



3.15 



What is the maximum power the resistors of Fig. 3-1 can absorb when connected across voltage V? Determine 
the input current at maximum power condition. 



I From Probs. 3.13 and 3.14, 

k = iy2 ^2 y2 
ci k. 2 + 2 a 2 + 2 



and 



/ 



P = K 

K V2o 



A 



3.16 



Four resistors of ohmic values 5, 10, 15, and 2011 are connected in series and a 100-V source is applied across 
the combination. How is this voltage divided among the various resistors? 
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3.18 



3.19 



3.20 



3.21 



3.22 



f Using the voltage division rule, we have 

^5 = 



5+ 10+15 + 20 

Similarly , V w = 20 V, V , s = 30 V, V 2tt = 40 V. 



100 V= 10 V 



Formulate the law of current division among three resistors R ,, R 2 , and R 3 connected in parallel. The total 
input current is i. 

I The common voltage across the resistors is V~ iR ep , where 1 (R ep = 1 IR i + ] (R 2 + 1 //?_ v Hence, 

. . 

1 1 R 2 1 h Ri 1 

Determine the current through and the voltages across three resistors of ohmic values 5,7, and 8 11, connected 
in series and across a 100-V source. 

I Total resistance = R (S = 5 + 7 + 8 == 20 11 Circuit current = J ~ ~ 5 A 

R ey 20 

Voltage across the 5-0 resistor = 5/ = 25 V. Voltage across the 7-0 resistor = 7/ = 35 V. Voltage across the 
8-0 resistor = 8/ = 40 V. 



Determine the voltage across and the currents through three resistors of 5, 10, and 20 0, all connected in 
parallel and across a 100-V source. There is 100 V across each resistor. 

I Current through the 5-0 resistor = ] f ] =20 A. Current through the 10-0 resistor = 77 = 10 A. Current 
through the 20-0 resistor = ^ ! = 5 A. 

Determine the current and power drawn from the source in the circuit of Prob. 3.19. 

I Total current from source = 20 + 10 + 5 = 35 A. Power supplied by source = VI = 100 x 35 = 3500 W. 

Reduce the circuit between the terminals a and b , Fig. 3-2, to a single resistor. 



1 a 

-A/W- 



2 a 

-AA/V- 



3 a 

-AAV 



6 a 

-AAV 



8 a 

AAAr- 



6 a 

— VW- 



16 a 

-A/VV 



Fig. 3-2 



I From the law of parallel resistances, 

1 

R„ 






The series resistance between a and e is then 1—1 + 6 = 80, giving a net resistance 

(8)(8) 



R .= 



8+8 



= 4 ft R ,=4 + 16 = 20 ft 



Calculate the resistances of 110-V light bulbs rated at 25, 60, 75, and 100 W. 
I From P = V 2 /R: 



2S w 25 

_ (HO) 



(ll0) =4840 R 75SV = ~ ^- = 161.30 



75 



R t 



(MO ) 2 

100 



= 121 O 



60 



= 201.67 0 
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3.23 An electric heating pad rated at 110 V and 55 W is to be used at a 220-V source. It is proposed to connect the 
heating pad in series with a series-parallel combination of light bulbs, each rated at 110 V; bulbs are available 
having ratings of 25, 60, 75, and 100 W. Obtain a possible scheme of the pad-bulb combinations. At what rate 
will heat be produced by the pad with this modification? 

I From Prob. 3.22 we know the resistances of the various light bulbs. The resistance of the heating pad is 
R p = (1 10) 2 / 55 — 220 Cl. We must combine the bulbs to obtain a total resistance of 220 H; then, by voltage 
division, the pad voltage will be the required MOV. One possibility is a 100-W bulb in series with a parallel 
combination of two 60-W bulbs: R b — R um + \R m = 121 + \ (201.67) = 221.83 H, which is on the safe side. 

Then 

R n + R,, = 220 + 221.83 = 441.83ft /„ = = 0.498 A 

and so the heat output of the pad is 7 p 7? p = (0.498) 2 (220) = 54.56 W. 

3.24 Two resistors, made of different materials having temperature coefficients of resistance = 0.004 °CT 1 and 
a 2 = 0.005 °C _1 , are connected in parallel and consume equal power at 10 °C. What is the ratio of power 
consumed in resistance R 2 to that in R x at 60 °C? 

I At 10 °C, 7?, = 7? 2 , which implies 

7? m 1 + 10a 2 

/? ol (l + 10a,) = /? O2 (l + 10« 2 ) or ^ 

Consequently, the power ratio at 60 °C is 

VVR^ Rj_ /?„,(! + 60a,) _ (1 + 10a 2 )(l + 60a, ) 

V 2 IR t R 2 ^02(1 60a 2 ) (1 + 10a,)(l + 60a 2 ) 

Substituting the numerical values of a, and a 2 yields the value 0.963. 



3.25 



3.26 



3.27 



3.28 



A 200-V source is connected across the circuit shown in Fig. 3-2. Calculate the voltage across the 8-fl resistor. 
I From Prob. 3.21, R ab —20Cl. Thus, 



_ V 200 

'-R--20 - ,0A 



V. = 7?^, 7 = 16 x 10 = 160 V 



V ae = V 8Sl = V- V eb = 200 - 160 = 40 V 



In Prob. 3.25, determine the power dissipated in the 1-0 and 8-0 resistors. 
I From Prob. 3.21, 



= 40 V 



/ _ 40 _ 

J 8 n 8 



= 5 A P sn = (5) 2 8 = 200W / = 10 A 



From Prob. 3-25, 



/,n = /-/ 8 n = 10-5 = 5A P, n = (5) 1 = 25 W 
Find the ratio of the currents l x /l 2 at 60 °C in the resistors of Prob. 3.24. 

I From Prob. 3.24, RJR 2 ~Q.963~P 2 IP X . Since P 2 ! P x — l\R 2 ! I\R X , we have 



7?. l\ R, 

^ =0.963= J ^ 

R 2 



R, 



or 



1 



= 1.0384 



I\ R, ^ I 2 7? 1 0.963 

Notice that this result also follows from 7 j7?j = I 2 R 2 — V, since the two resistors are in parallel. 

A battery has internal resistance 7? ( and terminal voltage V r Show that the power supplied to a resistive load 
cannot exceed V*/2R ; . 



I Let Rj be the load resistance. Then 



and power taken by the load. 



4 = 



V. 



R l + 7?. 



(Rl + *,) 2 



Rl - * 2 lRl = V? 
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For maximum power, dPJdR L = 0, which requires that 

(R^ + Rf-RMR, + /?,)] = 0 or R L = R, 

Hence, (P,) max = V*l2R r 



3.29 



For the battery of Prob. 3.28, V t = 96V and R ; ==50 mil. Discrete loads of 150, 100, 50, 30, and 20 ml) 
are connected, one at a time, across the battery. Plot the curve of power supplied versus the ohmic value of 
the load. Hence verify that the maximum power transfer occurs when R i ~ P load = 50mn. 



R L 



‘ (Rl + R.Y 



Substituting the given numerical values yields: 



*>,5 o = 96 2 
^oo -96 2 

P 50 -96 2 



150 

(150 + 50) 
100 

(100 + 50) 
50 

(50 + 50) 2 



2 =34.56 kW 



2 = 40.96 k.W 



= 46.08 kW 



P 30 -% 2 

P 2 o = % 2 



30 

(30 + 50) 2 
20 

(20 + 50) 2 



= 43.20 kW 



- 37.62 kW 



which is plotted in Fig. 3-3 showing that (P L ) mixK occurs at R L =50 mfl. 




3.30 A battery has an internal resistance of 0,5 and has an open-circuit voltage of 20 V. The battery supplies a 
2-H load. Determine the power lost within the battery and the terminal voltage on load. 

20 

1 /= 2T05 =8A V ' = IR l = 8x2=16V P lost = I 2 R t = 8 2 (0.5) = 32 W 

3.31 A resistor made of silver and another made of nickel, having temperature coefficients of resistance at 20 °C of 
0.0038 °C' 1 and 0.006 °C“ 1 , carry equal currents at 20 °C when connected across a voltage source. How will the 
total current be distributed if the temperature is raised to 150 °C? 
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3.32 



3.33 



I At 150°C, 



tf sil ver = (*.„v.,)2o[l + 0.0038(150 - 20)] = 1.494(/? lilver ) 20 



U* + 0.006(150 - 20)] = 1.78(* nickel ) 20 



Since the currents are equal at 20 °C, (/? SI iver) 2 o - (^ n ickei) 2 o = R- 
3.5) at 150 °C, 

/ ~ LZ§B / - o 5437/ 

^silver 1 JgR + 1 .494/? 



1,494/? 

1.78/? + 1.494/? 



/ = 0.4563/ 



Therefore, by current division (see Prob. 
or 54.37% 

or 45.63% 



Convert the delta-connected resistor bank of Fig, 3-4 into an equivalent wye-connected resistor bank. 




Fig. 3-4 



I For equivalence, the resistance between any two terminals (say, ab) for both the wye and the delta 
connections must be the same. Thus, equating them we get 



*a(*A + gJ = 2 R 



2Rr R. + R. + R 



Hence, R Y = \R A . 



Three unequal resistors are connected in wye as shown in Fig. 3-5. Obtain an equivalent delta-connected 
resistor bank. 

I From Fig. 3-5 it follows that: 






R ab = R 1 + R 2 = 



R a( R b + R c) 
R a + R b + R C 

R c ( R a + R b) 

R a + ^?r + R r 



D __ D _i_ D — + R C ) 

R b c R 2 + ^3 /?+/?+/? 



( 1 ) 

(2) 

(3) 



Solving R a , R b , and R c yields: 
R 



R a = ^(R 1 R 2 + R 2 R 3 + R,R 1 ) R b = jt (R ' R 2 + W 3 + r 3 r i) R c = j- 3 ( ' R ' R * + R 2 R 3 + /? 3«,) 




Fig. 3-5 
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Suppose three resistors R A , R ny and R c are connected in delta as shown in Fig. 3-5. Obtain an equivalent 
wye-connected resistor bank, 

I In this case also Eqs. (1), (2), and (3) of Prob, 3,33 are valid. Therefore, we solve for R^ R 2 , and R 3 to 
obtain 



Ra + Rr + Rr 



R* + r b + Rc 



R a + R b + R c 



Convert the pi-connected resistors of Fig. 3-6 a to an equivalent tee-connected set (Fig. 3-66). 

I Notice that pi- and tee-connections are, respectively, the same as delta- and wye-connections. Thus, using 
the results of Prob. 3.34, we obtain 

R a R c 9x3 _ „ R r R c 6x3 

Rl ~ W A + W B + i? c “ 9 + 6 + 3 ~ 1 " 5n 2 “ R a + R~ b + W c ~ 9 + 6 + 3 ~ 10n 

R a R r 9x6 

3 R a + R b + R c 9 + 6 + 3 “ 




3.36 Verify that the converse of Prob. 3.35 is true; that is, show that if R x = 1.5 ft, R~, = 1.0 ft, and R ? = 3.0 ft 
are connected in wye, its equivalent delta will have the values shown in Fig. 3-6 a. 

I Since RiR 2 + R 2 R 3 R 3 R 1 = 1-5 x 1 + 1 x 3 + 3 x 1.5 = 9, from the results of Prob. 3.33 we have: 

R a = \=9CI R b = — = 6 a R c = | = 3 n 

3.37 Determine the resistance across the terminals ab of the interconnected resistors of Fig. 3-7 a. 
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I First, we convert the upper delta to a wye to obtain the interconnection shown in Fig. 3-lb which reduces to 
that given in Fig. 3-7c. Finally, R ab - 2 + (6 X 4) /(6 + 4) = 4.4 O. 

3.38 What is the resistance across the terminals ab of the network shown in Fig. 3-8a? 

I By converting the delta-connected resistors to an equivalent wye we obtain the interconnection shown in Fig. 
3-8 b. Next combining the 3-0 and 6-0 resistors in parallel leads to the circuit shown in Fig. 3-8c. Hence, 
R (t b -2 + 2-40. 





Fig. 3-8 



3.39 For the network shown in Fig. 3-8 a, calculate the voltage across the terminals ac if a 36-V battery is connected 
across the terminals ab . 

I In this case, we convert the 6-0 wye-connected resistors into an equivalent delta to obtain the circuit of Fig. 
3-9 a. Combining the 9-0 and 18-0 resistors in parallel gives the circuit of Fig. 3-9 b from which we obtain the 
currents as follows: 




/ aft = f=6A / oc = J^=3A or V ac = I ac R ac = 3 x 6 = 18 V 

3.40 Calculate the power dissipated in the 9-0 resistor connected across ab and in the 9-0 resistor connected across 
be of the network of Fig. 3-8 a when a 36-V source is connected across ab . 

I From Fig. 3-9 a we have, P 9ilah = V 2 ab IR ab = 36 2 /9 = 144 W. 

From Problem 3.39, V ac = 1 8 V. Hence 



V bc — 36 - 18 = 18 V 



V 



18 



P = — 1 - = — - = 36 W 
9Slbc R h . 9 



3.41 



For the circuit shown in Fig. 3-10a, determine R so that the power going into the terminals ab is maximum. 
Also calculate the maximum power. 
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u 
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I The sequence of network reduction is shown in Figs. 3-10 b-e. From Fig. 3-L0e the current drawn from the 
source is given by 

/ - — a 

1 + 0.57? 



and power is 



For maximum power, 
Thus, 



2 . 144(0.57?) 

P = /(0 ^ ) = (TT^ 

dP/dR = 0 requires that 0.5(1 + 0.57?) 2 - 0.57? x 2(1 + 0.57?)0.5 - 0 or 7? = 2 0. 
12 



7 = 



I +0.5x2 



= 6 A and P max = 6 (0.5 x 2) = 36 W 



3# 





to 



0O 



/XV 




o. S* -A* 



C 



Fig. 3-10 



3.42 For the circuit in Fig. 3- 10a show by changing the delta-connected resistors to an equivalent wye that the 
maximum power entering the terminals ab is 36 W. 

I The network reduction is shown in Fig. 3-llrt-c. Notice that Fig. 3-1 lc is identical to Fig. 3-10e. 
Therefore, from the results of Prob. 3.41, we have 

7? = 20 7= 6 A and P max = 36 W 
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(c) Fig. 3-11 

3.43 Four 60-W 110-V bulbs are to be operated from a 230-V source. Determine the value of the resistance 
connected in series with the line so that the voltage across the bulbs does not exceed 110 V. 




I For the circuit shown in Fig. 3-12 we have total power drawn from the source, 

P 240 

P = 4 x 60 = 240 W Input current / = — = = 2. 1818 A 

Voltage across the series resistor, 



V* = 230- 110- 120 V = IR or 




120 

2.1818 



= 55 n 



3.44 



An alternate way of operating the bulbs of Prob. 3.43 is to connect them as shown in Fig. 3-13 with a series 
resistor. Calculate the value of the series resistance and state, giving reasons, which of the two methods is 
preferable. 

R I 




-240 W 



Fig. 3-13 





